Objective. To update a previous systematic review on the effectiveness of worksite-based weight loss programs.
INTRODUCTION
Obesity has long been recognized as a significant public health problem, yet its prevalence continues to rise in the United States, with over 65% of adults being classified as overweight or obese. 1 Worksite-based weight loss programs offer unique opportunities for decreasing adult obesity. 2 Most employed adults spend approximately half of their waking hours at work, and worksites provide rich opportunities for educational, behavioral, environmental, and economic strategies to improve nutrition and physical activity behaviors (e.g., health risk assessment, behavioral counseling, cafeteria menu planning, and financial incentive programs). 3 Additionally, employee social networks may be leveraged through worksites to facilitate weight loss and maintenance.
The direct and indirect costs of obesity to employers are substantial, and they are reflected in rising health insurance premiums, decreased productivity, and increased absenteeism and disability. One estimate ranks obesity above both smoking and drinking in its impact on health and health costs. 4 In 1998, it was estimated that each obese adult costs $732 in excess medical expenditures. 5 Thompson and colleagues estimated that obesity-attributable absenteeism cost employers $2.4 billion in 1998, 6 and in 2003, approximately 6% of all U.S. health care costs ($75 billion) were related to excess body weight. 7 Estimates for full-time employees suggest that yearly increased costs related to medical expenditures and absenteeism range from $462 to $2485 for each obese adult. 8 Finally, between 1987 and 2001, increases in spending on obese adults accounted for 27% of the overall increase in per capita health care spending in the United States. 7 Given the double-digit increases in health care costs in recent years, many employers are beginning to introduce wellness programs aimed at reducing the disease burden and health care use of their employees. Anecdotal reports indicate that weight loss programs may be included in some wellness activities; however, one earlier systematic review of worksite weight loss programs concluded that the effectiveness of these interventions was unclear. 2 Thus, the goals of our systematic review were to assess the quality and effectiveness of recently published evidence on worksite interventions for weight control.
METHODS

Data Source
In April 2004, we searched Medline, PsychINFO, Embase, the Cochrane Library, and LexisNexis to identify relevant, peer-reviewed articles on worksite-based weight loss programs using the following search terms: worksite, workplace, weight loss, obesity, weight, body mass index (BMI), occupational health, and overweight. In addition, we hand searched bibliographies of all review articles related to worksite health promotion. We identified a quality systematic review of worksite-based weight loss programs with a search date of 1994, 2 so we restricted our search for subsequent studies published after that year. We updated our search of Medline and the Cochrane Library in October 2006.
Study Inclusion and Exclusion Criteria
Individual titles were independently reviewed by the authors to exclude non-English publications, news reports, review articles, articles from nonpeer-reviewed publications, and those not considered relevant. The remaining articles were retrieved for review, and the authors independently applied the following inclusion criteria: (1) worksite intervention; (2) BMI or body weight assessed before and after intervention; and (3) minimum study duration of 8 weeks. Citations that did not meet these criteria were excluded from our review.
Identification of Eligible Studies
The systematic review by Hennrikus and Jeffery reported on worksite-based weight loss programs studies published between 1968 and 1994. 2 Our initial electronic search identified 1019 potentially relevant studies of worksite-based weight loss programs published subsequent to 1994. After reviewing these and applying our inclusion criteria, we selected 11 relevant studies for our review (Figure 1 ). We excluded the other 1008 citations for the following reasons: lack of a clear intervention description, incomplete data, duplicate publication, weight not assessed before and after intervention, nonworksite setting, not longitudinal, and non-English language. None of the 11 intervention studies published after 1994 provided data on costs. We did not identify any cost-benefit or return on investment (ROI) studies of weight loss interventions from the employer's perspective.
Data Extraction
Data from the relevant articles were independently abstracted by the authors. We collected data on country of origin, funding source, study design, worksite, employee and interventional characteristics (location, type, duration, intensity, and frequency), followup, and primary and secondary outcomes. Interventional intensity was rated according to the frequency of face-to-face contact with participants in the first 3 months (.1/mo 5 high, 1/ mo 5 moderate, ,1/mo 5 low). 9 We assessed the methodological quality of all studies using a checklist adapted from the recommendations of an earlier systematic review of this topic. 2
RESULTS
Characteristics of Interventions and Participants
Participants in the trials varied considerably according to gender (0-100% female), mean baseline weight (65-105 kg), and mean BMI (24.5-32.9 kg/m 2 ). The mean ages of subjects ranged from 32 to 52 years. Study participants came from a variety of employee settings and countries. Most subjects were volunteers, although not all studies detailed whether programs were mandatory or optional.
Of the qualifying studies, seven were randomized controlled trials, 10-16 two were nonrandomized trials, 17,18 and two were uncontrolled case series (Table 1) . 19, 20 Program characteristics were described in variable detail. Most of the trials involved a multicomponent intervention focusing on education and individual or group counseling to change diet and increase physical activity. Single intervention programs included an aerobic exercise training program, 11 a low-calorie diet treat- For individual use only. Duplication or distribution prohibited by law. * Intensity was rated by the frequency of person-to-person contact in the first 3 months McTigue et al. 9 High intensity 5 more than monthly contact; moderate intensity 5 monthly contact; low intensity 5 less than monthly contact. I indicates intervention; C, control; NR, not reported.
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For individual use only. Duplication or distribution prohibited by law. Only one study was specifically designed to address weight maintenance, but it did not include a comparable control group. Limited or no information was presented on whether programs were on paid employee time, took place on or off of the worksite, or provided data on the costs associated with the programs. In addition, most studies failed to describe in detail the methods of program delivery, including the use of electronic and/or print media. Exercise interventions were generally not described in detail but typically included information about the benefits of exercise along with counseling to increase activity. Only one program included on-site exercise sessions with a defined exercise prescription and objective activity monitoring. Most other programs provided information on physical activity in individual or group settings for subjects, who then performed various types of unsupervised exercise. Most studies did not specify the various types, durations, and intensities of exercise performed. Similarly, educational interventions focusing on diet were generally poorly detailed, with only one study reporting the use of individualized calorie goals. While most studies included a dietary intervention, only one of the studies presented data on objective measures of dietary intake. There was a notable lack of environmental and economic interventions among the studies, with only one study including any significant environmental changes in the form of increased healthy food items and nutritional displays in the cafeteria.
Participation
Fewer than half of the studies provided information on the percentages of total worksite employees and eligible employees participating in the intervention. Among those that did report these data, participation rates ranged from 2% to 49% of eligible subjects.
Attrition
Specific information on attrition was reported in only 5 of the 11 studies. The percentages of subjects completing the trials varied from 56% to 100%.
Methodological Quality
The overall methodological quality of the studies is summarized in Table 2. Most of the qualifying studies For individual use only. Duplication or distribution prohibited by law.
were randomized trials in which individual subjects were randomized. Only one study assigned the intervention and control group by worksite 17 ; however, no studies randomized by worksite. Specific eligibility criteria were reported in only 8 of 11 trials, and a blinded outcome assessment was conducted in only one trial. In most studies weight loss was the designed primary outcome; however, only two trials reported powering for weight loss. Most studies evaluated completers only, whereas two trials conducted an intention-to-treat analysis.
Primary Outcome: Weight Loss
Study weight loss results are reported in Table 3 . In general, mean weight loss and changes in BMI were significantly greater in the intervention group compared with the controls. In controlled trials reporting mean weight change, the intervention groups lost an average of 1.0 to 6.3 kg, whereas changes in the control groups ranged from a loss of 0.7 kg to a gain of 0.5 kg. The mean difference in weight loss (control minus intervention) ranged from 20.2 to 26.4 kg. Subjects in the uncontrolled case series lost an average of 4.1 to 11.2 kg compared with baseline. 19, 20 Two of the three studies that only reported BMI did not show significant differences between intervention and control groups 14, 18 ; the third trial found the intervention group significantly decreased BMI (20.5 kg/m 2 ) compared with controls. 16 Only one trial specifically looked at weight maintenance and reported significant weight regain in both intervention groups in the 12 weeks following an initial weight loss period. 12 Unfortunately, the study design did not include a comparison control group.
All four high-intensity programs resulted in significant weight loss, whereas only one of five low-intensity programs reported significant differences compared with controls. No studies evaluated the effects of various subject characteristics, such as gender, age, or white-or blue-collar status on weight loss.
Secondary Outcomes
Of the 11 trials, 7 reported effects on serum lipids, and 6 evaluated changes For individual use only. Duplication or distribution prohibited by law.
in systolic and/or diastolic blood pressure (Table 3) . Overall, the reported results were consistent with modest improvements in both of these health outcomes.
CONCLUSIONS
Despite the importance of obesity as a contributor to health care costs, absenteeism, and reduced productivity, we identified very few worksite-based weight loss intervention studies, reflecting the paucity of recently published data in this area. Of the reviewed trials, none were funded by the National Institutes of Health, perhaps because obesity has not been the primary focus of any particular federal agency. Our review suggests that worksite-based programs are effective for modest, short-term weight losses among subjects who complete the programs, findings that are consistent with earlier published reviews of this topic. 2,21 Unfortunately, most of the studies we identified did not evaluate weight loss beyond 6 months or consider the issue of weight maintenance, leaving the issue of the durability of weight loss unresolved. Program effectiveness appeared to be at least partly related to the intensity of the intervention-interventions that incorporated face-to-face contact with participants more than once a month appeared to be more consistently effective than those where initial contact occurred less than once per month. Despite the generally positive short-term results for these programs, the available studies were overall methodologically weak and left a multitude of unanswered questions. Below we discuss several key methodological concerns to guide future research in this area.
Study Design
Most of the studies we reviewed here were randomized controlled trials, in contrast to a significant portion of the previously published research, which largely consisted of uncontrolled studies and studies that compared the health outcomes and costs of volunteers against nonvolunteers (the results of those study designs are likely to be heavily influenced by selection bias, the placebo effect, and the Hawth-orne effect). 22 Worksite weight loss studies continue to be limited mainly to short-term evaluations (6 months or less), largely ignoring the issue of weight maintenance. The use of shortterm weight loss studies to inform wellness program design is problematic, as these studies routinely overestimate the long-term program effects, given that most weight loss occurs in the first 6 months followed by weight regain. Longer-term randomized and nonrandomized (but adequately controlled) studies are needed to inform wellness program design.
Employee Participation
A major advantage of worksite programs is that they have the potential to reach large populations of adults who might not be receiving recommended preventive health services. Unfortunately, as reflected here and in previous reviews, most studies did not report on methods of recruitment, overall recruitment rates, or participation after enrollment. Considerable heterogeneity exists in the types of employees, inclusion criteria, worksite environments, and intervention designs used in workplace programs. As a result, a strict definition of employee participation/eligibility is problematic. However, researchers are encouraged to explicitly define the pool of eligible employees and to report detailed information related to recruitment and participation, including the characteristics of nonparticipating but eligible employees-an area in which few studies have provided data. Without such information, the validity of study findings and therefore the usefulness to employers in guiding future program implementations is questionable.
Program Attrition and Handling Missing Data
Rates of attrition in the studies varied widely and were inconsistently reported. The choice of analytic strategy-specifically, how investigators handle missing weight loss data-may dramatically influence the interpretation of study results. Participant attrition is an especially difficult problem in weight loss studies, because evidence and reason suggest that the missing weight data are not missing at random (i.e., they are missing not at random [MNAR] ). In this setting, attrition is believed to be tied to lack of efficacy, with many individuals who initially experienced weight loss returning to their baseline weight (or heavier). Because weight loss data are MNAR, estimated treatment effects from a completers-only analysis will be biased. We found that 9 of the 11 studies in our review conducted a completers-only analysis. Last-observation carried forward (LOCF) methods will also produce biased results, because this approach makes the implausible assumption of sustained weight loss after dropout. 23 The baseline-observation carried forward (BOCF) method has been proposed as a simple solution to this problem. 24 This conservative approach assumes that all dropouts return to their baseline weight at endpoint, regardless of the duration of follow-up and last recorded weight. Weight regain is common after discontinuing treatment, so this assumption may underestimate weight loss in treatment groups. We propose that in the context of weight loss trials, BOCF provides a plausible initial analytic approach; however, other appropriate analytic strategies, such as multiple imputation strategies, should be considered. Authors should also carry out a series of sensitivity analyses to examine how their assumptions about missing data influence study results.
Program Structure
While the single-component dietaryand exercise-based studies resulted in significant weight loss, most of the qualifying studies we reviewed used multicomponent interventions, and as a result, the effects cannot be ascribed to any single intervention component. One of the components notably missing in our review involved environmental strategies for weight loss. A single study incorporated environmental changes for promoting weight loss, but only as a part of a larger multicomponent program. In a recent review of worksite health promotion programs incorporating environmental changes, Engbers et al. found strong evidence for an impact on dietary intake but inconclusive evidence for effects on physical activity primarily due to weak study designs; effects on weight loss were not specif-
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ically evaluated. 25 Thus, environmental modifications appear to have potential for weight control/maintenance through changes in diet and activity, but firm conclusions regarding effectiveness require further study. A unique aspect of worksite-based programs is the opportunity to provide financial incentives and other economic supports to promote weight loss and weight maintenance; however, none of the studies we identified used financial incentives. A recent systematic review reported positive findings in 11 (73%) of 15 studies that used financial rewards to promote complex behavior changes (in which behaviors must be sustained over time). 26 These financial incentives ranged from $1 to $25 per payable event, payable from once per week to several months apart, with potential total payments of $50 to $500 per person. The studies targeted a diverse set of complex preventive issues, including tobacco cessation, physical activity, fruit and vegetable consumption, cholesterol reduction, and breastfeeding. A few studies examined financial incentives for weight loss and found them to be ineffective 26 ; however, in most of these instances, the incentives were tied to dietary and physical activity behaviors and not to weight loss per se. Jeffery and colleagues have conducted several studies using deposit contract incentives that were tied directly to weight loss. Their results indicate that deposit contract incentives improve weight loss by about 25% on average compared with behavior counseling alone, across both genders and several study populations. [27] [28] [29] More research is needed to test financial incentives alone and in combination with other worksite-based strategies for weight loss.
Two studies assessed the participants' stage of change prior to starting the weight reduction program, but neither study reported on associations between stage of change and weight loss. Being in the ''action'' or ''maintenance'' stage of change has been associated with less attrition and greater weight loss. 30, 31 Other studies have reported on the importance of behavioral and psychosocial factors on weight program attrition and effectiveness. 32 Currently, the psychological and behavioral factors most important for enhancing partici-pation and limiting attrition are unclear. Given the current lack of evidence in this area, whether stage of change should be used to target specific employees and/or individualize interventions is not known.
Cost-Effectiveness and Return on Investment
Estimates of the economic costs of obesity to employers are substantial, yet the reviewed studies did not report either program costs or any measures of return on investment. In our search we were not able to identify any costbenefit or ROI studies published after 1994 that focused on weight loss from the employer's perspective. In a previous review by Hennrikus and Jeffery, only two economic studies of workplace weight loss programs were identified. 33, 34 The first study found no significant relationship between program participation and health care costs between 1981 and 1985. The second study estimated the cost-effectiveness of a worksite-based financial incentive program at between $1.88 and $4.87 per kilogram reduction in body weight (mean weight loss: 5.5 kg). 33 Another recently published review supports the economic benefits of multicomponent wellness programs targeting high-risk employees (e.g., smokers, multiple health risk factors), but it did not comment on programs specifically focused on obesity. 35 Despite a strong positive relationship between obesity and health care costs, there are no prospective randomized studies that show that worksite-based weight loss programs result in lower health care costs, increased productivity, or reduced absenteeism. Thus, the return on investment from avoided costs resulting from interventions for an employed population with obesity is unknown.
Summary
We found fair evidence from controlled trials that employer-sponsored, multicomponent weight loss programs promote modest, short-term weight loss in subjects who complete them. Studies incorporating interventions with face-to-face contact with participants occurring more than once a month appear to have greater success than those where contact occurred less than once per month. While a previous report of public health strategies for controlling obesity at the worksite concluded that multicomponent programs may be effective for weight loss, 21 the heterogeneity of the various interventions used and overall poor methodological quality of the available research suggest further investigation is needed to elucidate the most efficacious and cost-effective program structure. We found a relatively small number of recently published studies focused on worksite weight loss-none of which were domestically, federally funded studies, perhaps reflecting not only the transdisciplinary nature of obesity research but a lack of concentration on obesity by a single federal agency. Clearly, the current epidemic of obesity and its associated costs to society, employers, and individuals warrant greater efforts on the part of both public and private agencies to determine the health and economic outcomes associated with worksitebased programs.
SO WHAT? Implications for Health Promotion Practitioners and Researchers.
There are clear data indicating that the direct and indirect costs of obesity to employers are substantial, as reflected in decreased productivity, increased health care costs, absenteeism, and disability. Unfortunately, it is not yet clear whether worksite-or employerbased programs focused on weight loss definitively reduce obesity or result in relevant positive business outcomes. While the available research does suggest that programs produce short-term weight loss, the impact on long-term weight loss and economic outcomes is virtually unknown. Worksite programs harbor tremendous potential for prevention and/or amelioration of obesity by virtue of their population reach and unique social/physical environments. Researchers and employers are encouraged to develop methodologically rigorous programs that provide information about numerous outcomes, such as long-term weight loss/maintenance and return on investment. For individual use only. Duplication or distribution prohibited by law.
